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WI ABSTRACT 

One mole of 2,2,3,3,4+hexafluoropentane- l,Sdiol is 
reacted with one mole of formaldehyde in the presence 
of an excess of trifluoromethanesulfonic acid to produce 
1,3-dioxa-X&6,6,7,7-hexafkorocyclooctane, 
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PREPARATION OF 

BACKGROUND OF TlFIE INVENTION 

This invention relate generally to organic SpthfiiS 

and more particularly to the formation of cyclic form& 
from negatively substituted dials and formaldehyde. 

In general, the formation of acetis and form& has 
been accomplished through the use of acid catalysts and 
often times with the addition of dehydrating agents, 
This is done in order to remove the water formed and 
shift the reaction equilibrium towards continued acetal 
formation. Several different dehydrating agents have SO 

been employed. Alternatively, this may be accom- 
plished by removing the water produced by azeotropic 
distillation (see ‘f-I. M, Flowers in Ttte Chemistry ~ffhe 
Hydrmyl Group, S. Pati Ed., J. Wiley and Sons Ltd., 
London (1972), pg 102Q 

I’c was found in cases where the alcohol contained 
electron withdrawing substituents (as with the object 
compound of this invention) that acetal or formal fore 
mation would proceed only under severe reaction con- 
ditions. Usually, strong acids such as concentrated sul- 
phuric acid are used. Xn those instances, degree of con- 
version to acetal was sensitive to acid concentration, 
reagent concentration, and reaction temperature. AS a 
consequence, reaction conditions must be optimized 
and stringently controIled (see K. G. Shipp and M. E. 
Hill, J. Org. Chem., 3 I, 853 (1966)). 

p 
Alternatively, successful formation of ac-etals and 

formals has been accompkhed by means of reaction of 
the alkoxide with a geminal dihalide. However, product 
yields obtained using this procedure were generally 
lower than those attain&k using the acid cata.ksk r 
method. 

Accordingly an object of this invention is to provide 
a new merhod of preparing 1,3-dioxa-5,5,6,6,S,f-hexa- 
fluorocycluoctane. 

Another object of this invention is to provide a sim- 
pler, more easily controlled method of preparing I$ 
dioxa-5,5,6,6,7,7-hexafluorocyclcKlctane. 

A further object of this invention is to provide a new 
process which produces 1,3-dioxa-5,5,6,6,7,?-hexa- 
fluorocyclooctane in a much higher yield. 

These and other objectives of this invention *are 
achieved by reacting 2.2.3,3,4,4-hexafluoropentane-I,5 
dio1 with formaldehyde in the presence of an excess of 
trifluoromethanesulfonic acid, F_tCSQOH to produce 
1,3-dioxa-5,5,6,6,7Jhexafluorocyclooctane. 

DETAILED DBCRIPTiON OF THE 
PREFERRED EMBQDIME~T 

This invention is based upon the discovery t’nat 1.39 
dicxa-S.1,6,6,7,7-fiexafluorocyc~ooctane can be pro- 
duced by the reaction ot’ formaldehyde and 2,2,3,3.4,4- 
htxafiuoropentane-I ,5-&o! in the presence of tti- 
fluoromethanesulfonic acid, F?CSO~OH. in yields of 
mcie than 80 percent. One mole of formaldehyde, 65 
CH20, and one mole of the did, 
HOCH~CF:CF:CF$IH:OH react to form the product 
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An excess, preferably a large excess, of the catalyst 
trifluoromethanesulfonic acid is used SO that water gen- 
erated by the reaction is taken up so as not to inhibit the 
reaction. Preferably the weight ratio of trifluorome- 
thanesulfonic acid to 2,2,3,3,4+hexafluoropentane- 1,5- 
diol is from about 3: 1 to about 4: 1 with about 3.5: 1 being 
more preferred. 

The formaldehyde may be added as formaldehyde (a 
gas), paraformaldehyde, (the polymer of formalde- 
hyde), or trioxane (the trimer of for&aldehvde) Prefer- ,. 
ably, paraformaldehyde is used because- trioxane is 
(more) difftcult to remove from the reaction mixture. 

Although the reaction ,can be run without a solvent, 
the yield is increased by the use of a dry chlorohydro- 
carbon solvent. Preferred solvents are methylene &lo- 
ride, chloroform, 1,24ichloroethane, 1,1,2-trichloroe- 
thane, 1,1,1 -trichloroethane, or mixtures thereof, tit)3 
methyrenc chloride being the must preferred solvent. 
As stated above water is detrimental to the reaction. 
Therefo‘re, the solvent should be dry as this will reduce 
the amount of dehydrating agent (acid) needed. 

When the preferred paraformaldehyde (polymer) is 
used, it is suspended in the hydrmbon solvent. E3ut 
when trioxane (trimer) is used, it is dissolved in the 
hydrocarbon solvent prior to addition of the dial. The 
trifluoromethanesulfonic is added to the mixture of diol, 
formaldehyde (monomer, polymer, or ttier), and hy- 
drocarbon solvent at a moderate rate with stirring so as 
to avoid overheating or splattering of the reaction mix- 
ture. 

The reactidn can be run at ambient temperature 
(- 20’ C.) and pressure as illustrated by the examples. 
Temperature control is a non-critical parameter. 

The product 1,3-dioxa-5,5,6,6,?,?-hexafluorocyclooc- 
tane is isolated and purified by conventional means as 
illustrated by the examples. 

The general nature of the invention having been set 
forth, rhe following examples are presented as a specific 
illustrations thereof. It will be understood that the in- 
vention is not limited to these examples but is suscepti- 
ble to various modifications that will be recognized by 
one of ordinary skill in the art. 

EXAMPLE 1 
Using Trioxane 

lC0 g (0.47 mole) of 2,2,3,3,4.4-hexanuoro~n~c- 
1%dioi were added to a solution bf 20 g (0.67 mole) of 
trioxane [Itimer of formaldehyde) dissolved in dry 
CH$ZZ2. While stirring, 40 ml of trifluoromethanesul- 
fork acid were added at a moderate rate. The reaction 
mixture was then stirred at room temperature (4.20’ C.) 
for 90 minutes, after HThich time 1NI ml of water were 
added tb dilute the trifluoromethanesuIfonic acid with 
cooling. The CH$l;! solution u’zs qbyashed with a dilute 
basic aqueous hydrogen peroxide so’lution (3% H$&, 
10% KOH) and bri’ne, dried, and filtered. Removal of 
the CHzCIz by rotary evaporation yielded a quantitative 
amount of the cmde prodllct as a ~*iscous oil. Distilla- 
tion of the product gave a precut (b.p. No-165’ C., 
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mostly cyclic formal) and pure 1,3-dioxa-5,5,6,6,7,7- 
hexafluorocyclooctane (b.p. 165”~167” C., m p. 24Om25” 

n 
C., density 1.58422) in 83% (88 g) yield. A high boiling 

,/ -. residue (also mostly cycIic formal) remained, 
5 

EXA.MPLE 2 

Using Paraformaldehyde 

To a mixture of 3 18 g ( 1.5 mol) of 2,2,3,3,4,4-hexa- 
fluoropentane-1 ,Sdiol and 48 g (1.6 mol) of paraformal- 10 
dehvde and 1200 ml of dry CH2Clz were added at a 
moderate rate with stirring 127 ml (I,44 mol) of trifhc 
acid (trifluoromethanesulfonic acid). The reaction mix- 
ture was then stirred at room temperature (- 20’ C.) for 
120 minutes after which time 800 ml of ice water were ” 
added to dilute rhe triflic acid. The phases were sepa- 
rated, the aqueous phase washed once with 200 ml of 
C&Cl2 and the C&Cl2 fractions were combined. The 
C&Cl? solution was then washed twice with 500 ml of 2u 
5% KOM, dried and filtered. Removal of the CWzC12 by 
distillation yielded a quantitative amount of the crude 
product as a yicous oil, DistiUation of the product in 
vacua (12 mm, 65” C.) yielded 86% (290 g) of pure 
l,Sdioxa-5,5,6,6,7,7-hexafluorocyclooctane. 25 
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Obviously many modifications and variations of this 

invention are possible in light of the above teachings. It 
is therefore to be understood that within the scope of 
the appended claims the invention may be practiced 
otherwise than as specifically described, 

What is ckmed is: 
I. A process for preparing 1.3-dior;a-5,5?6,6,7,7-hexa- 

fluorocyclooctane comprising the steps of 
(1) reacting one mole of 2,2,3,3,4,4-hexafluoropen- 

tane-1,Sdiol with one mole of formaldehyde in the 
presence of an excess of trifluoromethanesulfunic 
acid; and 

(2) isolating the product I ,3-dioxa-5,5,6.6,7,7-hexa- 
fluorocycbxxane. 

2. The process of claim 1 wherein the weight ratio of 
trifluoromethanesulfonic acid to 2,2,3,3,4,4=hexafluoro- 
pentane-1,5diol is from about 3:l to about 4:l. 

3. The process of claim 1 wherein the reaction is run 
in a solvent selected from the group consisting of ‘meth- 
ylene chloride, chloroform, 1.2,dichloroethane, 1,1,2- 
trichloroethane, l,l, l-trkhloroethane, or mixtures 
thereof. 

4, The process of claim 3 wherein the solvent is meth- 
ylene chloride. 
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